The occurrence of equatorial density depletions in the nightside F region ionosphere has been investigated by using observations gathered by the polar-orbiting Dynamics Explorer 2 satellite from August 1981 to February 1983. A variety of electric field/plasma drift patterns were observed within these depletions, including updrafting, downdrafting, bifurcating, converging, subsonic, and supersonic flows. The depletions, 116 events in total, are distributed over two groups: group I (eveningside depletions) consists of the events in the 1900-2300 MLT sector, and group II (morningside depletions) are the events in the 2300-0600 MLT sector. A statistical analysis reveals clear differences in the density depletion occurrence rates between the two groups. Magnetic activity appears to suppress the generation of eveningside depletions with a delay of 2-3 hours. In the morningside the probability of observing depletions increases instantly with increasing magnetic activity; yet the best correlation is found with a 2-hour delay. This indicates that in the premidnight sector the substorm-induced dynamo and prompt penetration electric fields induce westward electric fields in the equatorial ionosphere 2 hours after the onset in the auroral region. In the postmidnight sector, high-latitude ionospheric disturbances induce instantly equatorial eastward electric fields that move the F layer to higher altitudes, where it can become unstable to the RayleighTaylor instability. Eveningside depletions were observed at all longitudes except those over the Pacific Ocean, while the morningside depletions occurred mostly over the Pacific and Atlantic-African sectors.
Introduction
Upward moving depleted plasma flux tubes in the equatorial F region ionosphere, a phenomenon also called equatorial spread F or equatorial bubbles, result from the Rayleigh-Taylor (RT) instability acting on the nighttime bottomside F region plasma density gradient. The occurrence of these depletions depends essentially on the altitude of the F layer, which, in turn, is controlled by dynamo actions in the equatorial ionosphere. The normal F region dynamo generates eastward electric fields during daytime and westward electric fields during nighttime [e.g. Kelley, 1989 ], corresponding to upward and downward motion of the layer, respectively.
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After sunset at about 1800 MLT, the equatorial F layer frequently rises quickly to higher altitudes owing to en- In this paper we investigate the occurrence rates of eveningside (1900-2300 MLT) and morningside (2300-0600 MLT) equatorial density depletions by utilizing measurements of the Dynamics Explorer 2 (DE 2) satellite in years [1981] [1982] [1983] . Section 3 presents examples of DE 2 observations of eveningside and morningside equatorial density depletions and their associated electric fields, plasma drifts, and irregularities. In section 4 we present the statistical results of the 116 depletions encountered by DE 2. The occurrence rates of depletions in the evening and morning sectors are investigated separately, and the observed differences between these two groups are discussed in section 5. We concentrate on the effects of the global magnetic activity and geographical longitude on the occurrence of equatorial density depletions.
Instrumentation
The DE 2 satellite was a low-altitude (periapsis 309 km, apoapsis 1012 km) polar-orbiting NASA satellite launched on August 3, 1981 [Hoffman et al., 1981] . We present data from the vector electric field instrument (VEFI) [Maynard et al., 1981] , the Langmuir probe (LANG) [Krehbiel et al., 1981] , and the ion drift meter (IDM) [Heelis et al., 1981] . We also studied magnetic field fluctuations during depletion encounters by using data from the magnetometer [Farthing et al., 1981] on board the satellite. However, except for one supersonic depletion event, studied in detail by Aggson et al. [1992b] , no magnetic fluctuations were observed, and thus magnetic fields are not included in this paper. In this paper we adopt a fixed coordinate system, where x points southward, y points radially upward, and z points westward. This is regardless of whether the satellite was traversing the equator from the north or from the south and regardless of its rotations every The DE 2 measured complete three-dimensional ion drift velocity by using two separate instruments: the retarding potential analyzer (RPA) [Hanson et al., 1981] measured the velocity component parallel to the velocity vector of the spacecraft (Vx), and the IDM measured ion drift components perpendicular to the velocity vector of the spacecraft (Vy and Vz). The velocity range of IDM was :k4000 m/s with an accuracy of :k50 m/s. Although the high resolution was 1/32 s, we use the resolution of 1/2 s. The ion density is obtained from the RPA, and the electron density, which we use, is from the Langmuir probe. The density measurements gathered by both instruments were compared and found clearly similar.
Observations
We define an equatorial density depletion as an event where the VEFI AC electric field shows clear wave activity simultaneously with a plasma density "bite-out" visible in the LANG data. In most of the events the density decreased an order of magnitude; in all events the density decreased at least 40%. that although the plasma still drifts eastward, the flow is more vertically oriented. The same feature is also shown by vz. One may conclude that the plasma is moving upward in the depleted eastward tilted channel. The second region of upward flow at about 1623:05 UT is tilted more eastward. These two upward flows may belong to the same channel. First, the upper and narrower part of the channel is crossed, then the satellite moves at the edge of the channel, and finally, as the satellite altitude and latitude decrease, a lower, wider, and more eastwardly tilted part of the same channel is detected. This is a typical eveningside event in the DE 2 database. The depletion is extended, because the satellite is moving along the depletion channel as it is aligned along the direction of the spacecraft's velocity (cf. Figure 1 ). 
Morningside Plasma Depletion Events

Statistical Results
Since the plasma depletions are directed along the magnetic field lines, the polar-orbiting DE 2 usually observed only one depletion at each equator cut, except for the South Atlantic anomaly region, where the orbit trajectory and the magnetic field have a large angle. However, for statistical purposes, the occurrence of multiple depletions is counted as a single event. MLT the occurrence rate decreases, which may not be statistically significant, since there is only a small number of samples in this local time sector. At 2300 MLT the probability is again on a level, where the occurrence rate is only slightly less than the rate at 2100 MLT, although the F region is expected to lie at a low altitude. This implies that the peak at 2300 MLT cannot be related to the normal behavior of the F region. Therefore we study the occurrence rates of depletions for two groups, in the eveningside at 1900 -2300 MLT and in the morningside at 2300-0600 MLT. magnetic activity in Figure 6c and thus on the basis of the statistics, we conclude that the magnetic activity decreases the number of depletions in the evening sector with a delay time of 2 hours. We have also studied the depletion dependence on Kp with other time delays. Figure 7 shows the normalized depletion occurrence rates as functions of 0-to 9-hours delayed Kp index. The panels have been obtained the same way as Figure 6c . For 0-1 hours, the probability of observing eveningside depletions is independent of global magnetic activity. For a 2-hour delay, the number of depletions is best suppressed by magnetic activity. A weaker inverse correlation is seen with time delays of more than 2 hours, and surprisingly a good inverse correlation will appear again with a 9-hour delay. 
Plasma Depletions in the Evening
Plasma Depletions in the Morning Sector
(2300-0600 MLT)
The dependence of the plasma depletion occurrence rate on delayed Kp index and longitude was also studied for the morningside events. [Bowman, 1978; Burke, 1979; $ingh et al., 1997b] . Based on these statistics, the probability of occurrence is less than 5% during magnetically quiet periods, while during magnetically disturbed periods this probability is almost 15%. Figure 11 presents the dependence of the occurrence rate on longitude for the 2300-0600 MLT events. The format of the figure is the same as that of Figure 8 . Figure 11a shows that all longitudes were equally sampled. The normalized occurrence rate of morningside depletions over longitude is rather different from that of the eveningside depletions (see Figure 8c) . The maximum probability is seen over the Pacific Ocean and again in the Atlantic-African region, while in the Indian sector the probabilities are clearly smaller. These depletions were detected approximately during northern winter and summer. 
Dependence of Plasma Depletions on Kp
It has been suggested that with increasing magnetic activity the probability of observing equatorial F region plasma depletions decreases in the premidnight sector (see, e.g., Burke [1979] and Singh et al. [1997b] ). This could be due to a westward electric field buildup in the premidnight sector a few hours after the magnetic disturbances [Blanc and Richmond, 1980] . The disturbance dynamo effects must be superimposed upon the normal dynamo effects, which remain active during magnetic disturbances. This does not suggest that the generation of plasma depletions is totally inhibited, but the probability of observing them is reduced in the disturbed ionosphere.
The observations presented here support this conclusion. Blanc and Richmond [1980] suggest that the de-' lay time between the onset of a substorm and strongest electric fields in equatorial region is 9 hours, whereas Fejer and Scherliess [1995] suggest a time delay of only a few hours. Our results suggest that the best inverse correlation between magnetic activity and depletion occurrence rate appears at a 2-to 3-hour delay. For time delays of less than 2 hours, the depletion occurrence rate is independent of global magnetic activity, whereas time delays of more than 2 hours show weak inverse correlation. With a 9-hour time delay the inverse correlation is again enhanced. Therefore our results surprisingly support the suggestion of both Blanc and Richmond [1980] and Fejer and Scherliess [1995] . Notice also that the correlation between the depletions and magnetic activ- The situation is different in the postmidnight sector, where the disturbance dynamo and the prompt penetration electric fields create eastward electric fields in the equatorial F region [Blanc and Richmond, 1980; Fejer, 1991] . Such fields raise the F layer, which can lead to the development of depletions, since the growth rate of RT instability becomes large in high altitudes owing to smaller ion-neutral collision frequency. Figure  9c clearly shows that with increasing 2-hour delayed Kp index the occurrence rate of morningside depletions increases, which is also observed with nondelayed Kp. Fejer et al. [1999] show that the spread F activity decreases from solar minimum to solar maximum. Since almost all of the morningside depletions were detected during high solar flux conditions, this could also be of some importance in this study. However, notice that these statistics deal with the conditions prior to the observation of the depletions and not with the conditions necessary for their generation. That is, when DE 2 observed a depletion, we have no information about the exact geomagnetic conditions that might have generated them. This is particularly the case for dead and perhaps also for downdrafting depletions which could have been generated a few hours before they were observed by the DE 2 satellite. This introduces an uncertainty on the exact time delays particularly in the postmidnight sector.
Dependence of Plasma Depletions on Longitude
The observations on the longitude dependence are more difficult to interpret. In the eveningside (1900-2300 MLT), depletions tend to occur anywhere else but above the Pacific Ocean. We observe a high depletion probability over the Atlantic-African and South American sectors, an almost 30% depletion probability in the Indian sector, and a lack of depletions over the Pacific [Tsunoda, 1985] . There is a region over the Pacific Ocean (peak at longitudes of-120 ø to -90 ø in Figure 8c ) where depletion probability is 30%. A possible explanation for the peak is that the region may have been favorable for the generation of initial seeds of RT instability. Otherwise, the cause of this enhanced depletion activity remains unexplained; however, we have obse One can conclude that the differences between Figure  8c and Figure 11c are due to the seasonal-longitudinal dependence [Tsunoda, 1985] of the eveningside depletions, because morningside depletions do not depend on the season and longitude in the same way that the eveningside depletions do. Firat, the lack of events in the Indian sector in Figure 11c confirms that the Indian depletions in the evening panel are due to the seasonal-longitudinal effect. Second, there are only a few eveningside events in the Pacific, whereas the morningside depletions have their highest probability of occurring there. This confirms that the lack of evening events in the Pacific sector is indeed a seasonallongitudinal effect. Third, the depletion probability in the Atlantic-African sector is high in both panels and in all seasons, suggesting that the depletion activity in the eveningside is not a seasonal-longitudinal effect in this area but has to be explained by some other mechanism. This might also be true of the South American sector (at -60 ø to-30 ø longitudes), which shows noticeable occurrence rates in the eveningside and in the morningside.
We suggest that the longitude, in general, has more impact on the generation of eveningside depletions than the global magnetic activity. Comparing the eveningside normalized Kp and longitude distributions, we see that higher probabilities are observed in the longitude histogram than in the Kp histogram. In the morningside this suggestion is not as obvious.
Summary
When comparing the equatorial density depletions encountered by the DE 2 satellite in the eveningside (1900-2300 MLT) and morningside (2300-0600 MLT), the most remarkable result is that their occurrence rates depend differently on magnetic activity. In the period of 1981-1983, when the solar flux was high, the eveningside depletions (observed during spring and late fall) and morningside depletions (observed during winter and summer) vary with global magnetic activity in such a way that the following two general conclusions can be made:
1. In the eveningside (1900-2300 MLT), the DE 2 resuits suggest that the occurrence rate of equatorial F region depletions decreases with increasing global magnetic activity with a 2-hour time delay. For time delays of less than 2 hours the depletion occurrence rate does not depend on magnetic activity, whereas some inverse correlation is observed with time delays of more than 2 hours.
2. In the morningside (2300-0600 MLT), the occurrence rate of equatorial F region depletions increases instantly with Kp index, although the best correlation is observed with a 2-hour delay. Weak correlation is observed with time delays of 3-4 hours, whereas magnetic activity does not appear to affect anymore 5-6 hours after the substorm onset. For time delays of more than 6 hours, a weak correlation appears again.
The longitude dependence of depletions can be attributed to both season and longitude. In the eveningside the seasonal-longitudinal dependence can be partly explained in terms of Tsunoda [1985] , and the results are also consistent with recent work of McClure et al. [1998] . In the morningside the seasonal-longitudinal dependence might be related to the favorable nighttime velocity drifts that depend on season, longitude, and solar flux . The additional conclusions of this study therefore are as follows: 3. The eveningside density depletions tend to occur everywhere except above the Pacific during equinox months, although there is one significant peak of occurrence at longitudes of-120 ø to -90 ø. With the exception of the peak, the longitudinal dependence of eveningside depletions is consistent with previous studies. 4. In the morningside near solstice, we found that the depletions prefer to develop over the Pacific and tl!e Atlantic-African sectors, whereas low occurrence probabilities are observed in the Indian sector.
